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就胸部及乳腺 X 光片，每年全球约有 10 亿人次检
查，每秒平均有 120 张的医学影像产生 (Krupinski, 
2010)。Valente 等人（2016）研究发现，肺癌晚期
患者 5 年生存率低于 15%，而肺癌早期患者 5 年
生存率达到 70%。因此放射科医生能否根据医学
影像在早期筛查出病灶对提高肺癌患者生存率至关
重要。肺癌筛查首选胸部 X 光片检查（Donovan & 
Litchfield，2013），胸部 X 光片检查以其低廉的价
格和微弱的放射剂量占所有放射影像检查的 40% 以
上（van Ginneken, Romeny, & Viergever, 2001）。 但
研究发现，放射科医生在胸部 X 光片诊断的漏报率
很 高（26% 以 上 ）（Austin, Romney, & Goldsmith, 





















科医生诊断的准确性 (Berbaum, Franken, Dorfman, & 
Barloon, 1988; Littlefair et al., 2016)。这些研究的结
论不同，可能的原因是这些研究提供的线索类型是
不同的，有的研究提供的线索为患者的性别、年龄
(Berbaum et al., 1986; Test et al., 2013)，有的提供的是
具体疼痛的部位 (Berbaum et al., 1988)，有的提供的







































不透明病灶 (Valente et al., 2016)。研究表明，肺结
节的大小、位置对肺结节的检出具有至关重要的作
用 ( 贾守勤 , 2009; Kundel, 2015)。贾守勤 (2009)、









2.1   被试
参照前人（Giovinco et al., 2015）医学专长发展研究，
本研究选取专家和新手 2 组被试。共选取被试 34 人，
其中专家 15 人 ( 男 12 人 )，42.53 岁 (SD = 5.08 岁 )，
平均工龄 21.89 年 (SD = 4.46 年 )，新手 19 人 ( 男 8 人 )，







2.2   材料
80 张胸片，包括 40 张正常，40 张异常 ( 有结
节 )。材料呈现尺寸为 800 ( 宽 ) × 779 ( 高 ) 像素。
正常胸片以 10 张正常胸片为模板（5 男 5 女），1
张胸片重复 4 次。异常胸片以 10 张正常胸片为底板
（5 男 5 女）。1 张胸片作 4 种处理：同一个隐蔽位
置或非隐蔽位置，大结节和小结节各 1 张；结节设
置统一不透明度。本实验对结节的大小和位置进行
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操作性定义，大结节定义为 12mm~20mm，小结节





据实验要求与图像进行拟合 (Burgess & Chakraborty, 
1999; Donovan & Litchfield, 2013)。全部材料由精通
Photoshop 的 1 名放射科住院医生制作。结节真实性
和难度由 2 名放射科主任医师进行评定。40 张异常
胸片的结节符合临床的真实程度进行 5 点评定（1 代
表非常不真实，5 代表非常真实），两个评分者一致
性系数为r = .91(Pearson相关，p < .001)，评定均值为4.82 
(SD = .46)。对结节的难度进行 5 点评定（1 代表非常
容易，5 代表非常难），两个评分者的一致性系数为 .90 
(p < .001)，评定均值为 3.87 (SD = 1.18)。
为平衡无关因素的干扰，提示语均位于图片的
正中下方位置，如图 1 和图 2 所示。
省立医院放射科医师诊断，有结节
图 1   有线索提示例图
省立医院放射科后前胸部 X 光片
图 2   无线索提示例图
2.3   仪器
采用 SMI250 眼动记录仪，采样频率为 500Hz。
被试机显示器分辨率为 1280 × 1024 像素，刷新频
率为 100Hz。
2.4    设计
本实验采用 2（经验：专家、新手） × 2（线





d’= Z(1- 漏报率 )- Z( 虚报率 )、注视次数（fixation 












3   结果
3.1   视觉搜索绩效




著，F(1, 32) = 3.83，p = .05，η2 = .11。线索提示类
别的主效应显著，F(1, 32) = 43.10，p < .001，η2 = 
.57。经验和线索提示类别交互作用显著，F(1, 32) = 
10.54，p < .01，η2 = .25。进一步简单效应分析发现，
专家与新手在有线索提示下的漏报率均显著低于无




结果为 t = -3.246，p < .01。
结节位置的主效应显著，F(1, 32) = 142.75，p < 
.001，η2 = .82。结节大小的主效应显著，F(1, 32) = 
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29.90，p < .001，η2 = .48。
线索提示类别和结节位置交互作用显著，F(1, 























小于无线索提示，所有的 p < .001。








有的 p < .01）。对漏报率的影响依次为结节位置、
线索提示类别、经验、结节大小。
3.1.3   敏感性
本实验中有线索提示和无线索提示下的敏感性
的变化如图 3 所示。
图 3    有、无线索提示下敏感性变化
重复测量方差分析发现，线索提示类别的主效
应显著，F(1, 32) = 51.90，p < .001，表现为有线索
提示下的敏感性高于无线索提示。经验和线索提示
类别交互作用显著，F(1, 32) = 4.95，p < .05。简单
表 1   专家与新手有、无线索提示下的漏报率（ M ± SD）（%）
表 2    经验、线索提示类别、结节大小和结节位置对漏报率的回归分析




示下的敏感性均高于无线索提示，所有的 p < .001。
3.2   整体图像的注视




32) = 22.73，p < .001，η2= .42。线索提示类别的主
效应显著，F(1, 32) = 6.58，p < .05，η2= .17。结节
位置的主效应显著，F(1, 32) = 92.49，p < .001，η2= 
.74。结节大小的主效应显著，F(1, 32) = 9.19，p < 
.01，η2= .22。经验和结节位置交互作用显著，F(1, 
32) = 9.04，p < .01，η2 = .22。线索提示类别和结
节位置交互作用显著，F(1, 32) = 36.87，p < .001，
η2 = .54。线索提示类别和结节大小交互作用显著，




为 t = -2.39，p < .05，表明小结节比大结节受线索提
示影响的程度更高。经验、线索提示类别、结节位
置和结节大小四者的交互作用显著，F(1, 32) = 6.02，
p < .05，η2 = .16。
3.2.2    总注视时间
表 3   专家与新手有、无线索提示下的注视次数（ M ± SD）
表 4    专家与新手在有、无线索提示下的总注视时间（M ± SD）





32) = 12.43，p < .01，η2= .28。线索提示类别的主效
应显著，F(1, 32) = 11.49，p < .01，η2= .26。结节位
置的主效应显著，F(1, 32) = 115.92，p < .001，η2= 
.78。结节大小的主效应显著，F(1, 32) = 14.25，p < 
.01，η2= .31。
线索提示类别和结节位置交互作用显著，F(1, 
32) = 28.83，p < .001，η2= .47。 有 线 索 提 示 下 的
隐蔽位置结节的总注视时间多于无线索提示，p < 
.001。经验、结节位置、线索提示类别三者的交互






3.2.3   回视次数
重复测量方差分析发现，经验主效应显著，F(1, 
32) = 4.27，p < .05，η2= .12，即专家的回视次数少
于新手。结节大小的主效应显著，F(1, 32) = 5.73，p 
< .05，η2 = .15。结节位置的主效应显著，F(1, 32) = 
11.84，p < .01，η2 = .27。见表 5。
4   讨论





























Littlefair 等人 (2016) 的研究结果一致。
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不存在的结节位置，可见他们“看到了他们预期看
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The Impact of Clue on Different Radiologists’ Decision-
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Abstract   With the increasingly important role of modern medical photography in medical diagnosis, the significance of radiologists’ decision-making 
is also growing. However, studies have revealed a high rate of false negative in image interpretation. About 40 percent of radiological examinations are 
chest X-ray examinations, which was with more than 26% false-negative errors. False negatives do harm to the health of the patients, lead to medical 
disputes and even cause significant medical negligence.
Applied prospectively, double reading is used for quality assurance of current radiology reports. With this method the results of two separate 
observers are combined to yield one result. It is considered negative if both results are negative and positive if at least one of the individual results 
is positive. Many studies have found that double reading can reduce errors and increase sensitivity though it may be at the expense of specificity. In 
China, double reading is also applied in radiology departments in major hospitals but is conducted differently. The specific process begins with the 
interpretation of a patient’s image by a doctor, who makes a diagnosis and completes the writing of a diagnostic report. The second doctor then signs 
the image report. The problem of this conduct is that the first doctor’s diagnosis can be a clue to the second doctor. There are arguments about the 
impact of clue on the radiologists’ decision-making. Some studies have shown that the availability of clue increased diagnostic accuracy, while others 
have found no significant increase in accuracy but distraction. The expectation that clue (other’s impact) can increase accuracy has not been confirmed 
so far.
The present study aimed to investigate the impact of clue on different radiologists’ decision-making. Which factor affected the decision-making 
by radiologists mostly, their expertise or other’s impact on them? We tested the hypotheses in a single experiment by using eye-movement technique. 
Experts and novices were selected as experimental objects. Their expertise was set as non-variables, while clue words were adopted to control others’ 
impact. The X-ray was adopted as experimental material with the task of detecting pulmonary nodule. The SMI250 Eye Tracker was selected as our 
experimental instrument. 15 experts and 19 novices participated in the experiment to explore the decision-making between experts and novices in 
different cue categories (yes or no), different sizes (big or small) and locations (concealed or non-concealed) of nodules.
The major findings of the present study were: (1) For experts, the false negative rate of small nodule in concealed position with clues was 
lower than without clues, while, for novices, the false negative rate of all sizes of nodule with clues was lower than that without clues. (2) It appeared 
that experts, with more experience, were less affected by clues than novices. (3) With the help of clues, both times of fixation and total fixation time 
increased in experts and novices. (4) The times of re-fixation indicated that novices spent more cognitive resources on processing of clue words.
On the basis of these findings, we concluded that clue made an important positive influence on radiologists’ decision-making. On the other hand, 
experience and clue played a joint role in radiologists’ decision-makings, while clue played a bigger role in the novices’ decision-making process. 
Findings of the present study provided the first evidence that clue might cause the second doctor to have preconceived notions about the results, biasing 
the overall interpretation. We proposed that radiologists should review radiographs without knowledge of the clininal scenario prompting to avoid 
focusing on the expected findings.
Key words  radiologist, expert, novice, clue, decision-making, eye movement
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